Cold-regulated proteins with potent antifreeze and cryoprotective activities in spruces (Picea spp.).
Antifreeze proteins (AFPs) were obtained from intercellular spaces of spruce needles Picea abies (L.) Karst. and Picea pungens Engelm. by vacuum infiltration with ascorbic acid, followed by centrifugation to recover the infiltrate. As shown by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS- PAGE), apoplastic proteins are accumulated in these spruce species as a group of 5-9 polypeptide bands. These proteins have a molecular mass of 7-80 kDa. The spruce AFPs have the ability to modify the growth of ice and thermal hysteresis, TH, caused by these AFPs was close to 2.0 degrees C at a concentration of 400 lg/ ml. The antifreeze activity of proteins from these winter-hardy coniferous species showed a positive correlation with the concentration of proteins after cold acclimation of needle tissues. Apoplastic proteins from winter spruce needles exhibited antifreeze activity, whereas no such activity was observed in extracts from summer needles. When we examined the possible role of spruce AFPs in cryoprotection, we found that lactate dehydrogenase, LDH, activity was higher after freezing in the presence of AFPs compared with bovine serum albumin. Amino-terminal sequence comparisons indicated that a 27-kDa protein from both P. abies and P. pungens was similar to some pathogenesis-related proteins namely chitinases, also from conifer species. These results show that spruces produce AFPs that are secreted into the apoplast of needles. The accumulation of AFPs in extracellular spaces caused by seasonal cold acclimation during winter indicates that these proteins may play a role in the acquisition of freezing tolerance of needle cells in coniferous species.